Abstract-This work is a novel contribution for enriching medical images using semantic annotations with a strategy for unifying different ontologies and instances of DICOM medical files. We present the L-MOM library (Library for Mapping of Ontological Metadata) as a tool for making an automatic mapping between instances of DICOM medical files and different medical ontologies (e.g., FMA, RadLex, MeSH). The main contributions are: i) the domain independent L-MOM library which is able to integrate DICOM metadata with ontologies from different domains; ii) a strategy to automatically annotate DICOM data with universally accepted medical ontologies, and provide values of similarity between ontologies and DICOM metadata; and iii) a framework to traverse ontological concepts that characterized clinical studies of patients registered in the framework catalog.
I. INTRODUCTION
During the last years, several semantic vocabularies and ontologies have been defined in the Life Sciences and Health Care domains. For instance, the Foundational Model of Anatomy ontology (FMA) [1] describes the human anatomy. The Medical Subject Headings (MeSH) [2] ontology encodes knowledge about different pathologies. The Radiology Lexicon, RadLex [3] , is a unified language of radiology terms. The DICOM 1 ontology describes the metadata within DI-COM medical files. Additionally, several approaches have been oriented towards the unification of different ontologies with the aim of enriching medical images using semantic annotations [4] , [5] . Their goal is to use the annotated medical images for searching in large databases. Further, approaches as the one proposed by Tello et al. [6] , tackle the problem of exploiting such unified ontologies for making the information available in the Linked Health Open Data cloud, while others exploit knowledge encoded in the ontologies to infer the location of organs and tissues, and improve thus the visu-alization of a particular tissue from semantically annotated volumetric data [7] , [8] .
In this work, we propose a new strategy for integrating several known and universally accepted medical ontologies and controlled vocabularies, in order to make automatic semantic annotations over DICOM files. We developed a library for making an automatic mapping between instances of DICOM files, represented using the Resource Description Framework (RDF 2 ), and different medical ontologies (e.g., FMA or RadLex). Our approach allows medical data base systems to provide enhanced querying capabilities outperforming those standards PACS systems. The semantification of the medical images allows for reasoning about the results of such queries. Then, the original dataset may be linked to datasets of diseases, drugs, diagnosis, clinical trials, etc., giving a more complete scenario that support doctors during the diagnosis and treatment.
II. BACKGROUND AND RELATED WORK
In this section, we provide a brief introduction to the DICOM standard, and describe existing approaches related to the mapping between medical ontologies.
A. DICOM

DICOM
3 is the standard for the communication and management of medical imaging information and related data. It was developed in 1993 under the standard ISO 120, and since then, several modifications and versions have been uploaded [9] . DICOM uses unique identifiers for defining each attribute, they are called "Tag". A Tag is composed by two strings; (Group, Element) [10] , separated by a comma (i.e.: Tag(0008,1040)). However, since 2009, an extended version of DICOM is described by a sequence of numbers, i.e., "1.2.840.10008.xxxxxx", where: i) 1 is the identifier ISO, ii) 2 is the identifier ANSI, iii) 840 is the country identifier (U.S. using ANSI), iv) 10008 is the company identifier (DICOM), and v) xxxxx the attribute. Thus, the code "1.2.840.10008.6.1.2" represents an "Anatomic Region". Those codes are called "DICOM Unique Identifiers (UIDs)", composed by three Tags: i) (0008, 0104).-Code Meaning, ii) (0008, 0100).-Code Value, and iii) (0008, 0102).-Coding Scheme Designator.
The DICOM Ontology (dicom) was developed based on the extended version of DICOM. The main idea was to give support to the project caBIG (cancer Biomedical Informatics Grid) 4 as a basis system for mobilizing digital capabilities for researchers and accelerate scientific discoveries [9] . Our proposed library is able to work with those two versions of DICOM, the standard and the extended one.
B. Related Works
Several approaches have been proposed to solve the problem of integrating and mapping medical ontologies [4] , [5] . Mejino et al. [5] demonstrate how a subset of an ontology from the Biomedical domain may be derived from another set of ontologies terms, in this case, RadLex and FMA ontologies. Möller and Mukherjee [4] describe semantic techniques for searching and annotating medical images. Using DICOM, they integrate the disease taxonomy (ICD9), as a disease descriptor, and the ontologies RadLex and FMA. In addition, Möller et al. [11] relate the DICOM ontology with MEDICO 5 , where the main focus is annotating anatomic information. They exploit knowledge encoded in DICOM metadata for automatically generating the spacial atlas of human anatomy. The main challenge addressed by Möller et al. [11] was to deal with the lack of a high level metadata comparison system, because certain elements in DICOM standard are optional. Thus, they compare the anatomic region from DICOM images and terms from FMA ontology, and define semantic rules executed in Prolog, for comparing features extracted from the image content and image metadata. Tello et al. [6] propose an architecture for extraction, anonymization, and creation of RDF/XML from DICOM files. Requests are posted against PACS servers, and thus, images are retrieved. Then, an anonymization process is executed, and the DICOM metadata are extracted and converted into RDF files based on the DICOM ontology. Lambrix and Tan [12] developed a framework called SAMBO (System for Aligning and Merging Biomedical Ontologies). This framework aligns two ontologies in the OWL format. They integrate the ontologies with external sources using textual descriptions of concepts from the knowledge encoded in the ontologies, and create a new integrated ontology. However, they do not work directly with RDF instances of DICOM files as we do in this approach. Although, in general these approaches are able to manage knowledge represented in FMA and RadLex, they are not able to scale up to other Biomedical ontologies. Contrary, our proposal provides a general integration framework where ontologies from any domain can be uploaded; thus, enrichment of the ontological knowledge can be dynamically achieved.
III. METHODOLOGY
In this section, we present the core of our approach for mapping medical ontologies. The proposed approach combines main features of the framework proposed by Tello et al. [6] with techniques to semantify DICOM medical images in an automatic fashion. In this way, main properties of the Linking Open Data (LOD) cloud and Semantic Web technologies are exploited. We developed the L-MOM library (Library for Mapping of Ontological Metadata) that gives support to this approach; the implemented workflow is depicted in Fig. 1 . Our library workflow implements four main components: 1) Metadata extractor: extracts all information from RDF instances of DICOM files, and different biomedical ontologies; 2) Metadata selector: filters information that may contribute to the mapping of DICOM metadata and Biomedical ontologies; 3) Metadata matcher: maps DICOM files and selected ontologies, and computes values of similarity that indicate the quality of the mapping; and 4) RDF visualizer: visualize the RDF document that results from the matching process. Next, we briefly describe these components, illustrating the descriptions with a sample, which will be used as our running example.
The L-MOM library workflow receives as input Biomedical ontologies and RDF files. The RDF files are instances of DICOM files created by the RDF-ization process [6] . As output, enriched RDF files are generated; these RDF documents contain DICOM metadata and Biomedical knowledge that describes the related clinical studies.
The running example is illustrated using the FMA ontology version 3.2 6 , but we could use any other, and an RDF file corresponding to a DICOM study (See Listing 1). The used ontologies will depend on the user preferences; this feature makes the library applicable to any domain.
A. Metadata Extractor
Once a relevant metadata have been discovered, the metadata extractor obtains the main knowledge represented in the corresponding documents. Extracting metadata by hand is a laborious process; then automating this process as much as possible makes sense. Three queries are defined for extracting information from the RDF files and input ontologies. The query Q1 (see listing 2) is executed over RDF files while the query Q2 over the ontologies (see listing 3). Query Q3 (see listing 4) is executed against the RDF files, only in case the DICOM files are encoded using the extended version of the DICOM standard. Metadata extracted using SPARQL queries (Q1, Q2, and Q3) are stored in two tables. From the RDF files we have: i) column "codO" represents the URI from DICOM metadata and ii) column "onto" represents the metadata from DICOM ontology. Similarly, from ontologies, we have: i) column "codO2" represents the URI of ontological resources to be mapping, and ii) column "onto2" represents the metadata from ontology. From our running example we got two tables: Table I shows the results from executing the queries Q1 and Q3. This is the result of working with extended version of DICOM. In case we are using the standard version of DICOM, the result from query Q3 would be empty. Table II shows the results from executing the query Q2 on the FMA ontology. 
B. Metadata Selector
Before performing a mapping process, it is necessary to know what are the terms that will contribute to enrich the data, therefore in this phase all terms which do not contribute are filtered out. This filter analyzes each triplet represented in columns "onto" and "onto2", discarding terms that are presented in table III. The result of this process is a set of filtered metadata. 
Terms
Definition "List" and "List Item"
Define lists and items in a list. "anonymous"
Identify anonymous values. "NONE" and "None"
Representing triplets with empty values. "YES", "NO" and "NOT" Definition values of attributes. String starting with "http://", "urn:oid:", "#" and all numeric values Represent URL, URI of metadata and terms related to internal definitions of each ontology.
C. Metadata Matcher
RDF documents are managed by fedarated SPARQL engines that integrate SPARQL endpoints; RDF datasets are Web accessible via the SPARQL protocol using the SPARQL endpoints. Thus, the metadata matcher inspects the parameters that are concepts of an ontology. It first analyses the parameters of the RDF file and, doing a cross evaluation of RDF terms and ontologies concepts, determines their corresponding concepts.
The process of syntactical analysis of each DICOM metadata and each ontology metadata is executed from the set of filtered metadata. This process is implemented in Kettle (see Fig. 2 ) using four inputs: the RDF file, the ontologies, the percentage of similarity, and the output filename (see Fig. 2(a) ). We use the component Fuzzy match, which is based on the algorithm "Jaro-Winkler" [13] , during the syntactical analysis process. We chose the Jaro-Winkler algorithm based on comparison made by Cohen et al. [14] . Then, the library produces a list of cross terms from DICOM metadata and Ontologies with a percentage of similarity (see Fig. 2(c) ). Finally, as a result, we obtain two files: one with all matched terms with a percentage of similarity larger or equal than a threshold value given as input, and a file with the rest of terms. In our running example, the result is showed in Table IV . A total of three terms from our running example of the DICOM study and the FMA ontology; where, the percentage of similarity is equal or greater than 90%. We executed other trials using the MeSH ontology as input obtaining similar results from those with FMA. In addition, our testing dataset comprises several DICOM files (60) where the anatomical part varies in each of 
D. RDF Visualizer
Mappings between the DICOM metadata (RDF files) and the biomedical ontologies (e.g., RadLex, FMA, or MeSH) are generated and stored in a repository. The resulting RDF file is composed of RDF triples that represent subject-objectpredicate statements. Each DICOM resource is characterized by the following properties: DICOM metadata, percentage of similarity values, the mapped ontologies, the URI of resource ontology and the equivalent Class between the two URIs. An example of the mapping is shown in Fig 3. 
IV. CONCLUSIONS
We presented an open source library for integrating semantic information from ontologies on RDF datasets. Medical data from DICOM files are initially converted to RDF through a RDF-ization process of DICOM metadata. Then, knowledge from different Biomedical ontologies is additionally integrated to semantically annotate the generated RDF data. Initial results suggest that our approach is feasible and contributes to more precise analysis of the clinical data.
In addition, to demonstrate the feasibility of the developed system, we plan conducting extensive experimentation with representative samples of DICOM. These datasets will be reference gold standard models that will allow for the comparison of results automatically obtained for the RDF description of given patients. In the future, we plan to integrate our tool to a Web image visualizer, and evaluate the impact of exploiting the knowledge encoded in the generated annotations using different semantic similarity measures.
